INTRODUCTION {#sec1-1}
============

There is a growing body of evidence about the potential effects of environmental exposures on the process of atherosclerosis. Air pollution and secondhand smoke are the two most widespread factors in this regard, and share common underlying mechanisms of endothelial dysfunction, arterial stiffness, oxidative stress, inflammation, heart rate variability, platelet aggregation, and energy metabolism.\[[@ref1][@ref2]\]

Evidence on harmful effects of secondhand smoke on atherosclerosis is rapidly accumulating.\[[@ref3][@ref4]\] Of special concern in this context are the rapid and substantial effects of passive smoking, which are nearly as large as that of long-term active smoking.\[[@ref5]\]

Likewise, growing body of knowledge exists on the association of air pollutants, notably particulate matters, with the process of atherosclerosis.\[[@ref1][@ref6]\] Such evidence is not limited to adult population, increasing number of reports exist in the pediatric age group.\[[@ref7][@ref8]\]

Endothelial dysfunction is a key event and an early feature in the process of atherogenesis. As it precedes clinical vascular events by many years, examining endothelial function may have valuable potential prognostic value for atherosclerotic diseases. Flow-mediated dilation (FMD) of brachial artery is used as a non-invasive measure of endothelial dysfunction.\[[@ref9]\]

The association of passive smoking with impaired FMD is well documented in experimental studies,\[[@ref10]\] as well as human studies in adult population.\[[@ref11][@ref12]\] One of the strongest evidences on the association of secondhand smoke with decreased FMD in young age comes from a cohort of Finnish children, which demonstrated that passive smoking is associated in a dose-dependent manner with significant endothelial dysfunction;\[[@ref13]\] frequent exposure to secondhand smoke was independently associated with decreased FMD.\[[@ref14]\]

Current research highlights the effects of air pollutants on surrogate biochemical markers of endothelial dysfunction in healthy children and young adults.\[[@ref15]--[@ref17]\] Various results exist on the association of ambient particulate matters with FMD in general adult population.\[[@ref18]--[@ref22]\]

To the best of our knowledge, no previous study has assessed this association in the pediatric age group. This study aimed to determine the association of particulate matters with FMD in children with or without exposure to secondhand smoke.

METHODS {#sec1-2}
=======

 {#sec2-1}

### Participants {#sec3-1}

This cross-sectional study was conducted from January to March 2011 in Isfahan, which is the second large and air-polluted city in Iran. The study was approved in the Research Council and Ethics Committee of the School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran. It was conducted after obtaining written informed consent from the parents and oral assent from participants.

To prevent the confounding effects of gender and puberty, the study was conducted among prepubescent boys, aged 9 to 12 years. The other eligibility criteria were living for at least 6 months in areas of the city with the lowest and highest levels of particulate matter (based on the official reports of the Provincial Environmental Protection Agency), and location of homes and schools in the same area and less than 1 km far from these stations. Those individuals who had a history of chronic disease, long-term medication use, or a history of acute infectious diseases in the past two weeks were not included in the study. In each low- and high-polluted area, equal number of children with or without exposure to daily tobacco smoke in home was selected. By considering a power of 80% and type 1 error (α) of 5%, the sample size was calculated as 25 in each group, i.e. 100 in total.

### Study Area {#sec3-2}

Isfahan is an industrial city with a population of near 1894382, located in the center of Iranian plateau, with an average altitude of 1500 m from the sea level bounded by NW-SE mountain range of 3000 m. The air of this city is predominantly affected by industrial emissions and motor traffic.\[[@ref23][@ref24]\]

### Study of Arterial Reactivity {#sec3-3}

The same cardiologist conducted the studies for measurement of brachial arterial reactivity. This non-invasive endothelial function testing was first described in 1992.\[[@ref25]\] It involved measuring the diameter of an artery by non-invasive ultrasound before and after increasing shear stress (provided by reactive hyperemia), with the degree of dilatation reflecting (in large part) arterial endothelial NO release. The diameter of the brachial artery was measured from high-resolution B-mode ultrasound images (Aloka, SSD-2200a). It was conducted in 3 steps: first basal brachial artery dimension was detected. In the second step, the cuff was inflated with 200 mmHg in fore arm, and in the third stage the cuff was deflated, and after 30-90 s, the brachial artery dimension in response to reactive hyperemia, endothelium-dependent dilation or flow mediated dilation (FMD) was determined in the previous site. The percent change of FMD was expressed as: (maximum artery diameter after release of a blood pressure cuff inflated above systolic pressure-baseline resting diameter - basal brachial dimension) / basal brachial dimension. \[Author: The highlighted text is correct, if it needs reference, \#25 can be cited.\]

The experiments were conducted in quiet environment, and no significant changes in their heart rate and blood pressure were observed. The cardiologist conducting the sonographic studies was not aware of the group assignment of participants.

### Air Pollution Data {#sec3-4}

Data from air pollution measurement stations were recorded daily for the 7 days prior to blood sampling from participants. Daily data pertaining to particulate matters measuring up to 10 μm (PM~10~) were recorded. The existing instruments could not determine PM of smaller size. According to the daily information provided by the Isfahan Provincial Directorate of Environmental Protection, Laleh square was considered as the low-polluted area, and Ahmad Abaad square as the high-polluted area of Isfahan city. Similar to our previous studies,\[[@ref15][@ref26]\] the mean values of seven 24-h means of PM ~10~ were considered for statistical analysis.

### Statistical Analysis {#sec3-5}

Student\'s t- or the Mann--Whitney U tests were used for comparing the PM~10~ concentrations, when applicable. Student\'s t- test was used to compare mean FMD levels of children according to living in low-and high-polluted areas, and according to the passive smoking status. Normality, a required assumption for linear regression analyses, was assessed by Shapiro Wilk test. Multiple linear regression analysis was conducted by considering the passive smoking status and the living area in terms of particulate air pollution as independent variables, and brachial artery diameter as dependent variable. In another regression analysis, we considered PM~10~ concentration as independent variable and the FMD of non-passive smoker children as dependent variable. Both regression analyses were adjusted for children\'s age and body mass index. Statistical analyses were performed using SPSS 18.0 (SPSS, Chicago, IL., USA) and differences were considered significant when *P* \< 0.05.

RESULTS {#sec1-3}
=======

Descriptive statistics of PM~10~ concentrations are presented in Appendix 1. There were statistically significant differences between two monitoring stations according to PM~10~ concentration (*P* \< 0.001). Further assessments demonstrated there was no statistically significant difference in mean concentrations of PM~10~ between different months of sampling. Based on separate analysis for each of monitoring stations, the results showed there were statistically significant differences between two months of sampling only for the monitoring station located in the high-polluted area (*P* \< 0.05).

The basal brachial artery diameter was significantly smaller in those living in high-polluted area and those exposed to secondhand smoke \[[Table 1](#T1){ref-type="table"}\]. The lowest mean FMD level was documented in passive smoker children living in high-polluted area, whereas non-passive smoker children living in low-polluted area had the highest mean FMD level \[[Table 2](#T2){ref-type="table"}\].

###### 

Basal brachial artery diameter (mm) according to particulate air pollution and passive smoking
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###### 

Flow mediated dilation according to particulate air pollution and passive smoking
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Results of multiple linear regression analysis, adjusted for age and body mass index, are presented in [Table 3](#T3){ref-type="table"}. Both passive smoking status and living area in terms of particulate air pollution were effective determinants of the brachial artery diameter. The standardized coefficient of passive smoking status was --0.36 (SD = 0.09, *P*-value \< 0.0001) showing negative association with percent increase in brachial artery diameter. Likewise, the percent increase in brachial artery diameter was lower in passive smoker children. Similar relationship was documented for PM~10~ concentration with a regression coefficient of --0.32 (SD = 0.04, *P*-value \< 0.0001). Comparison between standardized regression coefficients showed that the effect of passive smoking on percent change in Brachial artery diameter was stronger than that of PM~10~.

###### 

Regression analysis of particulate pollution and passive smoking with flow mediated dilation of the brachial artery adjusted for age and body mass index

![](JRMS-17-317-g003)

The regression analysis that considered PM~10~ concentration as independent variable and the FMD of non-passive smoker children as dependent variable showed that increase in concentration of PM~10~ was associated with a decrease in FMD measures, the regression coefficient was --0.34 (SD = 0.084, *P*-value \< 0.0001). This result shows that without considering passive smoking variable, PM~10~ concentration has significant independent effect on FMD level.

DISCUSSION {#sec1-4}
==========

The findings of this study, which to the best of our knowledge, is the first of its kind in the pediatric age group, revealed significant association of environmental factors on endothelium-dependent brachial artery dilation in young children. Both passive smoking and particulate pollution were associated with attenuated endothelial function and impaired FMD. Those children facing outdoor and indoor pollution had the lowest FMD. Although the effect of passive smoking on FMD was greater than that of particulate pollution, PM~10~ had an independent inverse association with FMD.

Atherogenesis starts from the fetal life through interrelations of various factors including vascular dysfunction and endothelial biomarkers.\[[@ref27]\] The blood vessel endothelium is a sensitive target for environmental factors as air pollutants and secondhand smoke. Studying the associations of environmental factors with early stages of atherosclerosis in childhood can help identify the underlying mechanisms. The relationship of air pollutants with endothelial dysfunction and pro-coagulant state can be an important factor in the development of atherosclerosis from early life.\[[@ref1][@ref6][@ref15][@ref28]\]

The findings of the current study on the association of secondhand smoke with reduced endothelial function and impaired FMD are consistent with previous studies on healthy adults.\[[@ref11][@ref12][@ref29]\] Our findings are also in line with a longitudinal study, which showed the effect of passive smoking on decreased FMD of 11-year-old Finnish children.\[[@ref13][@ref14]\]

The effects of passive smoking on FMD occur shortly after exposure.\[[@ref30]\] Trials on healthy volunteers revealed that shortly after exposure, passive smoking impaired FMD in healthy never smoker adults.\[[@ref31][@ref32]\]

Nicotine is a pleiotropic agent causing autonomic imbalance and endothelial dysfunction. Nicotinic receptor is stimulated in the autonomic nervous system, and nicotine may promote the oxidative and inflammatory stress to the endothelium. However, nicotine increases myocardial work without impairment of coronary vasodilatation. Therefore, it is proposed that the acute endothelial toxicity of secondhand smoke cannot solely be attributed to a nicotine-dependent mechanism.\[[@ref33][@ref34]\] The synergistic effects of air pollution may be one of the factors involved in this regard.

Direct action and independent association of ambient particulates with the vascular endothelium is suggested by various types of study. Comparison of endothelium-dependent brachial artery diameter among 39 healthy volunteers before and after 2 h sitting in bus stops demonstrated that 30 μ/m^3^ increase in PM~2.5~ exposure corresponded to a 0.48% decrease in FMD, showing a 5% relative change in the maximum ability to dilate. It is noteworthy to mention that FMD has not been associated with other pollutants and traffic density.\[[@ref20]\] Another study among adults with low exposure to secondhand smoke demonstrated a negative association of exposure to ambient PM~2.5~ with FMD. In this study, brief raises in ambient particulates during usual daily activity were associated with endothelial dysfunction within 2 h of exposure. It is suggested that this rapid effect may be a reflection of acute PM-induced autonomic imbalance.\[[@ref18]\]

The acute effects of fine PM on FMD are also documented in double-blind, crossover, controlled exposure studies conducted on adults.\[[@ref19][@ref22]\] Likewise, direct action of fine particulates on FMD is reported from a study on sixteen young athletes, 30 min after exercise while inhaling high PM levels, but not after exposure to low levels of PM.\[[@ref21]\]

Most studies on healthy adults have addressed the effects of ambient PM~2.5~ on FMD; our findings on the association of larger particulates, i.e. PM~10~, on FMD of young children are consistent with a study conducted among diabetic adults.\[[@ref35]\]

Given the favorable effects of physical activity\[[@ref36]\] and healthy foods\[[@ref37]\] on FMD of children and adolescents, encouraging healthy lifestyle may be effective in reducing the harmful effects of outdoor and indoor air pollution.

CONCLUSION {#sec1-5}
==========

Our findings provide evidence on the association of environmental factors on endothelial dysfunction from early life. Studying such associations among healthy children may help identify the underlying mechanisms. Controlling environmental factors should be considered as an emerging medical and public health problem; as one of the most vulnerable groups, children should be protected against the health hazards of air pollution and secondhand smoke. The clinical implications of environmental factors on early stages of atherosclerosis should be confirmed in longitudinal studies.
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